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Physiological characteristics of musical theatre performers and the effect on cardiorespiratory 
demand whilst singing and dancing. 
 
Abstract 
Musical Theatre (MT) combines acting, singing and dancing within a performance. The purpose of 
the current study was two-fold; firstly, to report on the cardiorespiratory fitness of pre-professional 
MT dancers and secondly, to examine the cardiorespiratory demand of singing whilst dancing. 
Twenty-one participants (F=16, M=5; 20 ±1.23 yrs; 169.1 ±9.24cm; 62.7 ±10.56kg) in their final year 
of pre-professional training volunteered for the study. All participants carried a maximal aerobic 
capacity test on a treadmill using a portable breath-by-breath gas analyser. Nine participants 
completed a 4-minute section from Chorus Line twice; singing and dancing, and just dancing, in a 
randomised order whilst wearing the same portable gas analyser. Blood lactate was measured at the 
end of each trial. Male participants had significantly greater peak oxygen consumption (M vs. F; 67.6 
±2.30 vs. 55.6 ±4.42 ml.kg-1.min-1, p<0.001) and anaerobic threshold (% of peak VO2) (M vs. F; 54.6 
±4.04% vs. 43.1 ±3.68% p<0.001) whilst maximum heart rate and heart rate at anaerobic threshold 
were similar. The physiological demands of dancing vs. singing+dancing were similar with the 
exception of the singing+dancing trial having significantly reduced mean breathing frequency and 
increased lactate (p<0.01). MT dancers’ aerobic capacity is greater than that observed in other 
theatre-based dance genres. The observed breathing frequency and lactate differences in the 
Chorus-line trails could be due to singing reducing breathing frequency thereby influencing 
cardiorespiratory recovery mechanics and subsequently blood lactate levels. 
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Introduction 
Dance is a generic term that covers a wide diversity of genres that have distinct choreographic 
movements[1] and performance demands[2]. There has been limited research on the 
cardiorespiratory demands of dance with the majority focusing on classical ballet[3-8] and modern 
dance[9-12] with a few studies covering other genres such as jazz[13, 14] and street dance[15]. 
These studies suggested that the studied dance genres were all intermittent in nature though the 
work to rest ratio and intensity ratios differed between the different genres. Reported data have 
mainly focused on class[6, 8, 10, 14, 16-18] and rehearsals[6, 8, 13, 17] with only a few studies 
reporting simulated performance[7, 15-17] and one reporting heart rate during stage 
performance[3]. Early studies were hampered by equipment limitations and often relied on heart 
rate to extrapolate oxygen demand which later was shown to misrepresent work done[19]. More 
recent studies benefited from equipment advances and could collect expired gases through portable 
telemetric gas analysers[5, 6, 10, 17]. Significant differences were reported in cardiorespiratory 
stress between dance class, rehearsals and performance; with the first two environments placing 
significantly less stress on the body than dance performance.  
 
Cardiorespiratory data (oxygen consumption and heart rate) on dance performance indicated that 
dancers are exercising close to their maximal cardiorespiratory capacities with a greater stress on 
the lactate system compared to class and rehearsal[3, 7, 12, 15]. Time motion analysis indicates that 
this is due to differences in the work to rest ratio; performance was generally characterised as 
having fewer and/or shorter rest periods accompanied by higher work intensities[2]. 
 
The genre of Musical Theatre (MT) combines acting, singing and dancing within a performance. 
Although it was initially theatre-based it has diversified to film and cruise ships potentially employing 
more dancers worldwide than classical ballet and modern dance. The performance schedule of 
dancers exceed that of other dance genres with 8 performances a week for 9 to 12-month contracts 
compared to 125-200 for ballet and contemporary/modern companies [20]. The few scientific or 
medical studies that have used MT performers as participants focused on injury and eating 
behaviours. Injury incidence was 0.87 injuries per dancer per year for professional MT dancers with 
lower extremity injuries accounting for 52% of all injuries[21]; compared to an injury incidence of 6.8 
injuries per dancer per year for classical ballet, though the latter also had the majority of injuries in 
the lower extremities[22]. Student MT dancers reportedly had poor nutritional knowledge but little 
disordered eating[23]. 
  
The purpose of the current study was two-fold; firstly, to report on the cardiorespiratory fitness of 
pre-professional MT dancers and secondly, to examine the cardiorespiratory demand of singing 
whilst dancing. A number of studies have indicated that dancers are exercising very close to their 
maximum during performance[4, 17]. Musical theatre places an extra stress on the dancer by 




Volunteers were recruited through advertising posters from an elite single pre-professional musical 
theatre school in the UK. The college has a 96% employment rate for graduates entering 
professional MT jobs. Inclusion criteria included participating fully in their training programme and 
free from injury in the past 3-months, and in their last year of pre-professional training. Exclusion 
criteria included compromised training in the past 3-months and being in years 1 or 2 of the training 
programme. 
Nine participants volunteered for the dance and dance+sing aspect of the study and 21 participants 
for the maximal treadmill test from a cohort of 65 dancers. They did between 35-38 hours of dance a 
week, that included self-led rehearsals, and 8 hours of singing and voice classes a week. The study 
was approved by a university ethics board and all participants signed informed consent. 
Anthropometric data were collected from each participant before exercise started (Table 1). Each 
participant completed a maximal aerobic capacity test on a treadmill using a portable breath-by-
breath gas analyser (Cortex 3b Ultra) and Polar heart rate monitor attached to a laptop to allow real-
time data analysis. After a 5-minute warm-up on the treadmill, participants started the test at a 
speed of between 7-10 km.h-1 that elicited a heart rate of 120 b.min-1. The speed increased by 1 
km.h-1 every minute until maximal criteria were achieved or the participant ceased the test; the 
incline was maintained at 0-degrees throughout the test[24]. Maximal termination was 
implemented when two of the following criteria were met: RER >1.15; heart rate ≥ 220-age; no 
increase in O2 consumption with increase in workload, RPE 10/10. 
 
Table 1: Participants anthropometric characteristics 
 Age (yrs) Height (cm) Body mass (kg) BMI 
All participants     
Male (n=5) 20 ±1.30 182.2 ±3.82 78.3 ±5.95 23.5 ±0.90 
Female (n=16) 21 ±1.21 164.9 ±6.07 57.8 ±5.71 21.3 ±2.04 
Dance trial participants     
Male (n=3) 19 ±1.53 180.5 ±2.78 76.2 ±5.95 23.3 ±1.12 
Female (n=6) 20 ±1.17 169.3 ±4.64 60.3 ±9.25 21.0 ±2.86 
 
On another day, nine final-year students signed informed consent before anthropometric data (table 
1) were collected from each participant before exercise started. Each participant completed a 4-
minute section from Chorus Line twice; singing and dancing, and just dancing in a randomised order.  
After a warm-up, 10-minutes rehearsing the sequence, dancers were fitted with the same portable 
breath-by-breath gas analyser (Cortex 3b Ultra) and Polar heart rate monitor. The face mask 
encompassed the nose and mouth and didn’t interfere with the mouth movements required for 
singing. Blood lactate (Lactate Pro) was taken from the ear at the start and end of each trial. 
Participant’s had a 30-minute rest period between trials to allow recovery and lactate washout (BLa 
< 1.5mmol.L-1).  
 
Data and Statistical analysis: 
Dance trials 
All cardiorespiratory data underwent a 5-breathe smooth. For the treadmill data, peak VO2 and 
heart rate were recorded. Anaerobic threshold was calculated using V’e breakpoint and V’e/VO2 
with V’e/VCO2 methods[25] and the heart rate at that point recorded. Independent t-tests were 
used to compare male and female data.  
Participant’s dance trial data were reported as recorded data and as a percentage of the peak 
treadmill data (relative). Time spent at different oxygen consumption and heart rate bands were 
calculated for each participant for the both the recorded and relative data. Due to the low number 
of participants, Mann-Whitney U tests were used to test the difference between sex (males vs 
female) and event (dance vs. dance+sing) for the dependent variables (absolute and relative mean 
oxygen consumption, heart rate, ventilatory equivalent, breathing frequency, METS and blood 





Treadmill data for the participants can be found in table 2; peak oxygen consumption (t=-5.769, 
df=19; p<0.001, CI-16.4, -7.67) and anaerobic threshold (% of peak VO2) (t=-5.953, df=19; p<0.001, 
CI-15.51, -7.44) were significantly greater for the male participants, whilst maximum heart rate and 
heart rate at anaerobic threshold were similar. 
 
Table 2: Treadmill cardiorespiratory data for all participants 













All participants      
Male (n=5) 67.6 ±2.30 54.6 ±4.04 80.7 ±4.21 196 ±4.47 164 ±9.94 
Female (n=16) 55.6 ±4.43 43.1 ±3.69 77.8 ±5.63 195 ±5.65 166 ±9.52 
Dance trial participants      
Male (n=3) 67.3 ±1.15 53.6 ±4.51 79.6 ±5.52 198 ±3.32 160 ±6.35 
Female (n=6) 57.4 ±1.82 42.6 ±3.44 74.3 ±7.22 196 ±9.36 168 ±14.36 
 
Analysis of the dance+sing vs dance data reported no significant difference between the sexes for 
any of the dependent variables. Statistical differences were reported for breathing frequency (U=12, 
p=0.04; CI=0.5, 11.8), trial end lactate (U=6.0, p=0.007; CI-3.4, -0.9) and change in lactate (pre-post 
trial) (U=4.5, p=0.006; CI-3.4, -0.9). In the dance+sing trial breathing frequency was significantly 
lower and blood lactate significantly greater than the dance alone trial (Table 3). 
 
Table 3: Absolute and relative mean physiological data for the dance and dance+sing trials 
 Sex Dance Dance+Sing Difference 
Oxygen consumption  M 34.9 ±5.39 35.7 ±5.89 1.0 ±5.76 
(ml.kg-1.min-1) F 29.3 ±7.11 32.2 ±5.81 3.0 ±4.82 
Oxygen consumption M 51.9 ±8.11 52.9 ±8.05 1.0 ±8.61 
(% VO2peak) F 51.3 ±13.34 56.5 ±10.89 5.2 ±8.38 
Heart rate  M 155 ±19.40 152 ±15.89 -3 ±22.99 
(b.min-1) F 168 ±14.62 172 ±7.83 3 ±10.36 
Heart rate M 77.2 ±9.65 75.6 ±7.91 -2 ±11.44 
(%HRmax) F 83.7 ±7.27 85.5 ±3.89 1 ±5.12 
Mean ventilation  M 79.3 ±25.14 73.3 ±15.01 -5.9 ±20.93 
(l.min-1) F 60.7 ±5.47 65.3 ±13.29 4.5 ±15.86 
Breathing Frequency  M 51.9 ±0.55† 42.8 ±1.12† -9.1 ±1.53 
(bf.min-1) F 54.5 ±3.42† 45.9 ±4.41† -5.5 ±7.83 
METS M 10.8 ±2.81 10.9 ±2.61 0.1 ±2.19 
 F 8.8 ±2.51 9.9 ±2.43 1.1 ±1.49 
Blood lactate  M 4.9 ±0.25† 6.4 ±0.45† 1.4 ±0.41 
(mmol.l-1) F 4.8 ±2.69† 7.2 ±2.79† 2.7 ±1.94 
Blood lactate change M 3.6 ±0.12† 5.1 ±0.51† 1.5 ±0.55 
(mmol.l-1) F 2.7 ±1.11† 5.4 ±2.25† 2.7 ±1.98 
†significant difference p<0.01 
Figure 1: Mean time spent in different oxygen consumption bands during the dance and dance+sing 
trials 
 
There were no significant main effects or within-subject effects for oxygen consumption and heart 
rate banding. Figures 1 and 2 indicate some non-significant trends; for instance, time spent in the 
oxygen consumption bands above 41 ml.kg-1.min-1 was greater in the dance+sing trials than the 
dance trials. Participants spent more time between 161-190 b.min-1 and below 120 b.min-1 in the 






Figure 2: Mean time spent in different heart rate bands during the dance and dance+sing trials 
 
Discussion 
Through a cross-sectional design the current study has provided the first physiological data on 
musical theatre performers. The cardiorespiratory profiles of musical theatre performers indicated 
aerobic fitness levels higher than that previous reported for other dance theatre genres[4, 5, 7, 26, 
27] and similar to hip hop dancers [15] . The anaerobic threshold (AT) for MT dancers was similar to 
that reported for classical ballet principal and artist dancers[27]. Wyon et al proposed [27] the 
increased AT was due to longer work rest ratios during performance for those positions[28] that 
caused the AT to move to the right on the oxygen consumption curve[25]. The current study cannot 
extrapolate the potential reasons why MT dancers are more aerobically fit that their counterparts in 
other dance genres as longitudinal data are required. Potentially, the intense performance and 
training schedule in MT could provide the stimuli for the observed adaptation but until there are 
more data on this genre this is supposition. 
 
Comparison with previous dance performance data are not possible as in the present study we only 
measured a short excerpt (4 minutes) of the full performance. The focus was on whether concurrent 
singing increased the physiological demands of a musical theatre dance routine compared to 
dancing alone. Oxygen and heart rate data indicate no significant difference between the two trials, 
but significant differences were noted for breathing frequency and blood lactate. We propose that 
the two are linked. The singing can occur whilst dancing but mainly happens in the lulls between 
dancing.  Therefore the reduced breathing frequency seen within the dance+sing trial is due to the 
singing component reducing breathing frequency in these dance breaks. This subsequently has an 
effect on recovery mechanics with compromised breathing frequency reducing oxygen delivery to 
the recovering muscles compared to the dance only trial. This means that replenishment of ATP 
within the muscle cells is reduced, potentially leading to greater use of the anaerobic glycolysis 
during work periods [29, 30]. Thereby leading to the observed increased levels of blood lactate in the 
dance+sing trials. 
 
Choreographers should be aware that the combination of singing and dancing can compromise 
metabolic recovery dynamics and could negatively affect (though increased blood lactate) 
subsequent dance sequences[31]. Over a prolonged performance this could lead to reduced dance 
intensity and/ or compromised movement and/or singing. Choreographically, lead singers have 
simplified dance repertoire so that their singing is not compromised but the chorus line 
choreography maintains its complexity and therefore is potentially vulnerable to compromised 
movement quality. 
 
The generalisability of the current data to the wider MT community is limited due to the low 
participant numbers and recruiting from one locale. The cardiorespiratory fitness data have provided 
an insight into the physiological fitness of pre-professional MT performers but not how this was 
achieved whether it is initial selection onto the course, the training on the course or supplemental 
training carried out by the participants. The participants were all in their final year of study and 
approximately 20% had already completed professional contracts, taking time out from their 
training.  The data from the dance vs dance+sing trials provide initial sight into the demands that 
these performers have to cope with, but they require greater diversity and duration of the actual 
performances analysed to provide generalisability. 
 
In conclusion, musical theatre performers’ cardiorespiratory fitness profiles indicate they have 
greater maximal aerobic capacities than previously published data on dancers from other dance 
theatre genres. The singing component of musical theatre reduces breathing frequency during the 
breaks between dance sequences. This has a negative effect on the physiological recovery from the 
dance sections thereby increasing lactate levels. This consequence could negatively affect the quality 
of singing or dancing as the dancer would need to decide to either compromise the singing 
component to improve breathing frequency and reduce lactate levels or decrease the intensity of 
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